The predictive value of abnormal neurological findings on neuroimaging (NI) of children with partial seizures (PS) was studied. The sample comprised 143 children and adolescents with PS from 1979 to 1996. Fifty patients had the following abnormal NI findings: diffuse atrophy and porencephalic cyst (5.6% each), hemiatrophy, tumors, neurocutaneous syndrome brain lesions, and dysgenesis (4.2% each), and arachnoid cyst and hydrocephalus (2.1% each). There were significantly more NI abnormalities among those with simple PS than among the other groups of complex PS or PS with secondary generalization. All cases of porencephalic cyst (n = 8), and hemiatrophy (n = 6) were in the hemiparetic group, all cases of tumor (n = 6) were in the normal group, while most cases of diffuse atrophy were in the mentally retarded group. Patients with abnormal NIs had a significantly earlier age of seizure onset than the others. The chance of finding a treatable abnormality in neuroimaging was 5% for tumors and 2% for arachnoid cysts in the group of patients with PS and normal neurological findings. Neither an abnormality detected in a neurological examination nor the type of seizure are predictive parameters for suggesting the presence of a resectable brain tumor. All patients with newly diagnosed PS should undergo an MRI.
INTRODUCTION
The current literature on neuroimaging (NI) in patients with epilepsy mainly addresses advanced techniques of detecting focal lesions, i.e., volumetric studies utilizing magnetic resonance imaging (MR/), functional MRI, MRI spectroscopy, single photon emission computed tomography (SPECT) and positron emission tomography (PET). Most of these techniques are performed in tertiary epileptic centers, whose patients mostly have a refractory seizure disorder or are being evaluated for epilepsy surgery. Data regarding the incidence of neuroimaging abnormalities (NIA) in patients with epilepsy have been retrieved mainly from studies dealing with seizure patients of all ages or patients with refractory seizure disorder. Only a few studies have specifically addressed children with partial epilepsy among a generalized pediatric neurology outpatient clinic population. In order to provide clinicians with relevant predictive tools in assessing children with partial seizures (PS), we retrospectively analyzed the NI findings in all our patients aged 1 month to 15 years who had different types of PS.
MATERIALS AND METHODS
All the data of the seizure patients in our pediatric neurology outpatient clinic are computerized. Information retrieved from the computerized files included seizure types, age of onset of seizures, and findings in neurological and neuroimaging studies. CT brain studies have been routinely employed since 1979 while MRI studies have been performed since 1985. The study included all children whose onset of PS was from age 1 month to 15 years and who were treated in our clinic between 1979 and 1996. The broad category of partial seizures included simple partial seizures (SPS), complex partial seizures (CPS), and partial seizures with secondary generalization. Seizure types were defined according to the Commission of the International League Against Epilepsy 1'2. PS were defined as secondarily gener-1059-1311/98/020115 + 04 $12.00/0 ~) 1998 British Epilepsy Association alized when there was either clinical evidence for focal onset in the behavior of the seizure or persistent focal abnormality in the EEG. When more than one seizure type was present in one patient, the patient was assigned to the group which represented the patient's predominant seizure type. Children with benign PS--rolandic as well as occipitalwwere not included in the study. CT studies were performed using an Elscint Elite 2400 scanner. The axial non-contrast enhanced slices were 2.5-10 mm wide. Contrast examinations were performed in selected cases. The MRI examinations were conducted with a 2.0 T whole body system using spin echo and fast spin echo techniques. T1 weighted cuts (3-6 mm width) were performed in the sagittal, coronal and axial planes. T2 weighted (fast spin echo) cuts were performed in the axial plane only. Thin slices of hippocampal regions in coronal sections were not routinely performed, therefore, a diagnosis of mesial sclerosis was rarely made.
The EEGs were recorded using the 10-20 international system with bipolar and referential montages. NIA were correlated with seizure type, age of onset, MRI, and abnormalities in the neurological examination.
RESULTS
During the years 1979-96 we treated and followed 148 patients with PS. Of those, 143 (96.6%) NI studies could be retrieved and these patients were included in the current analysis. These included 32 patients (22%) with SPS, 45 (31%) with CPS, and 66 (46%) with PS and secondary generalization. CT data were available for 101 of the patients, 26 had MR/, and 16 had both.
There were 50 patients (35%) with NIA ( Table 1) . The different abnormalities in descending order were: diffuse atrophy and porencephalic cyst (5.6% each), hemiatrophy, tumors, neurocutaneic brain lesion, and dysgenesis (4.2% each), and arachnoid cyst and hy- drocephalus (2.1% each). There were significantly more NIA among the patients with SPS than among the other groups (p = 0.0001, Chi-square test).
Of the 50 patients with NIA, 36 also had abnormal findings in the neurological examination, a feature which led to the anticipation of abnormal findings in NI. These included hemiparesis, mental retardation, and neurocutaneous stigmata. Table 2 shows the NIA which significantly differ between normal patients, mentally retarded patients, and patients with hemiparesis. All eight cases of porencephalic cyst and the six with hemiatrophy were among the hemiparetic patients (p < 0.005). All six tumor patients were in the normal group, while most cases of diffuse atrophy occurred among the mentally retarded group (p < 0.005). One of the tumor patients presented with seizures only following resection of a craniopharyngioma; the other tumor patients had gliomatosis cerebri, harmartoma, fibrillary astrocytoma, ganglioneuroma and ganglioglioma. These six patients were distributed evenly among the three groups of seizure types.
Comparison of age of seizure onset between patients with NIA and patients with normal NI showed a significantly earlier age of seizure onset among the former (p = 0.008, two-tailed t-test).
DISCUSSION
CT studies were done on 101 patients while only 42 underwent MRI. Kuzniecky's 1996 report, how-ever, showed that MRI is superior to CT in the investigation of patients with epilepsy 3. Some of the NIA revealed by MRI are relevant to the accurate localization of the seizures' origin, although this information does not necessarily justify surgery, such as in focal atrophy, cortical dysplasia and mesial temporal sclerosis 4"5. In addition, MRI may depict tumors that are missed by CT 6, 7.
The patients' data in this present study were retrieved from a general pediatric neurology outpatient clinic which serves the city of Tel Aviv: therefore, we believe that the findings represent the extent of NIA found in an unselected population of children with PS. Since the prevalence of different pathologies varies between children and adults 8, the results of this study will be discussed in comparison to studies addressing the pediatric population only.
Focal and diffuse atrophy, which was found in 9.8% of our patients, is also the predominant abnormality in other studies 9-12. Tumors were found in six of our patients, one of them with cranipharyngioma which was discovered prior to the onset of seizures. The other five patients with tumors comprise 5% of our patients with PS and normal neurological examinations. Four of these patients presented with a slowgrowing tumor while the fifth had a gliomatosis cerebri (confirmed by brain biopsy) which was inoperable and which carries a grave prognosis. Tumors were detected in 0.08-5% of the patients in other studies that involved patients with PS 9"11. Arachnoid cyst was found in 2% of the patients with normal neurological examination. Therefore, taken together, a resectable lesion was found in 7% of our patients with normal neurological examination. The contention that tumours and other resectable lesions are found in children with no predictive abnormality in neurological examination is also shared by others 9. This incidence of a treatable abnormality in normal children with PS is higher than the 2-2.8% reported by studies that involved children with all seizure types 12" 13, but close to the range of 5% found in children with pS 14. We found significantly increased NIA in the group of SPS. This observation was also made by Yang et al. ll. Other studies that looked into this association failed to find any correlation 4, or found a higher frequency of NIA in patients with PS and secondary generalization lo.
Abnormality on neurologic examination was predictive of a greater chance of NIA. Eighty-nine percent of the hemiparetic children and 61% of the mentally retarded children had NIA, with the former showing mainly focal abnormalities while the latter showed mainly diffuse atrophy. These figures 117 reflect the findings of Yang et al. 11 as well. The increased incidence of NIA in patients with perinatal etiology seen in the hemiparetic patients in our study had also been reported by others 8. The high prevalence of children with hemiplegia among our study population is not surprising due to the high incidence of seizure disorder among hemiplegic children 15. The NIA described in these children are reported elsewhere 16.
In conclusion, abnormality in neurological examination and seizure type are not predictive parameters in suggesting the presence of a resectable abnormality such as tumor or arachnoid cyst. Since the duration of seizures until the performance of neuroimaging study does not influence the results of NI 8, it is important to perform an MRI investigation of all patients with newly diagnosed PS.
